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Shapiro, M.A. (MIT), Notake, T. (Nagoya Univ.), 
Kubo, S., Temkin, R.J. (MIT), Ohkubo, K. 
A fine alignment of the propagating beam can be 
realized if direct phase measurements of the beam 
are available. The phase profiles may indicate how 
strongly the beam is expanded/focused, and it is tilted. 
The Gaussian-like beam was analyzed by the moment 
method, related to the beam axes and si<!i€s, using the 
intensity and pha.'~e patterns measured in the low power 
test [11. The evolution of the beam center along the 
propagation was derived from the intensity measure-
ments by the first order moment analysis. The beam 
alignment within the tolerable limit of 0.2 degree for the 
beam coupling into corrugated waveguides was checked 
and realized using the moment method at the test stand. 
In order to study the coupling, the Gaussian-like beam 
was injected to a waveguide with the tilt angles. The in-
tensity pattern of the output beam from the waveguide 
after the coupling had offsets on the bearn centers and 
side-lobes due to the tilted injection. The phase pattern 
was distorted from a paraboloid. The desired Gaus-
sian content in the output beam WaH analyzed, based 
on the measured intensity and phase patterns. In order 
to compare between the retrieved and measured phase 
profiles, the output beam after coupling with the tilt 
angles is used here. The distorted intensity patterns 
with the side-lobes of the beam are measured along the 
propagation. The pha.'3e patterns are retrieved from the 
intensity measurements. The retrieved phase profiles 
are compared to the measured ones. Figure 1 shows a 
schematic of the experiment on the tilted injection. 
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Figure 1: Schematic of low power test measurements. 
Figure 2 shows the intensity and phase patterns of the 
output beam from the waveguide at the propagating po-
sition of Z= 15em. Since the input beam is tilted with 
respect to the waveguide axis, mixture modes of the 
waveguide including a Gaussian-like HEll mode are ex-
cited. The intensity pattern of the beam output beam 
has the offset on the beam center and is deformed with a 
side-lobe. The phase front of the beam is not parabolic 
144 
and contains some aberrations. The beam is distorted 
mainly in the x direction by the tilt. 
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Figure 2: (a) Intensity and (b) Phase patterns of the output 
beam at z =15cm. 
The phase profiles are retrieved from the measured in-
tensity patterns along the propagation with the MIT 
code[21. The three intensity patterns are used for the 
phase retrieval code, and then, the intensity patterns 
measured and calculated with the code are compared 
at the reference plane. The two data sets, at z=15/25/ 
35em and at z=20/30/40cm, are available for the phase 
retrieval here. The retrieved phase profiles both in the x 
and y directions are precisely compared to the measured 
phase profiles with cuts at beanl center lines. The re-
trieved and measured phase data are interpolated in the 
intensity dynamic range of about 30dB at this compar-
ison. Figures 3 show the retrieved and measured phase 
profiles at the propagating positions of z=15crn. The re-
trieved phase profiles derived from the two data sets of 
the intensity patterns are plotted in the figures. The fig-
ure indicate excellent agreement between the retrieved 
and mea.<;ured pha.'3e profiies. The phase retrieved from 
the two intensity data sets are in good agreemel.lt. 
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Figure 3: (a) and (b): Retrieved and measured phase pro-
files in x and y directions at z=15cm. 
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